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(54) Method and apparatus for anodizing objects 



(57) A method and apparatus for electrolytically 
treating a component. In the method a component is 
placed in an electrolyte solution and a plurality of pulses 
applied to the solution and the component. According to 
the invention the pulses have a pattern comprising of at 
least a first magnitude portion, a second magnitude por- 
tion and a third magnitude portion. The third magnitude 
portion is less than the first and second magnitudes, and 
all the three magnitudes are of the same polarity. The 



third magnitude may be zero. Apparatus for carrying out 
the invention comprises a reaction chamber (104) 
adapted for placing at least a portion of the component 
therein and for holding a reaction fluid, and a transport 
chamber (201) in fluid communication with the reaction 
chamber/The fluid enters the reaction chamber from the 
transport chamber through a plurality of inlets directed 
towards the component. A fluid return path returns fluid 
from the reaction chamber to the transport chamber. 
The return path includes a fluid reservoir. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the art of electrolytic formation of coatings on metallic parts. More 
specifically, it relates to electrolytic formation of a coating on a metallic substrate by cathodic deposition of dissolved 
metallic ions in the reaction medium (electrolyte) onto the metallic substrate (cathode), or anodic conversion of the 
metallic substrate (anode) into an adherent ceramic coating (oxide film). 

BACKGROUND OF THE INVENTION 

[0002] It is well known that many metallic components or parts need a final surface treatment. Such a surface treat- 
ment increases functionality and the lifetime of the part by improving one or more properties of the part, such as heat 
resistance, corrosion protection, wear resistance, hardness, electrical conductivity, lubricity or by simply increasinq the 
cosmetic value. 

[0003] One example of a part that is typically surface treated is the head of aluminum pistons used in combustion 
engines. (As used herein an aluminum component is a component at least partially comprised of aluminum, including 
aluminum alloys.) Such piston heads are in contact with the combustion zone, and thus exposed to relatively hot gases. 
The aluminum is subjected to high internal stresses, which may result in deformation or changes in the metallurgical 
structure, and may negatively influence the functionality and lifetime of the parts. It is well known that formation of an 
anodic oxide coating (anodizing) reduces the risk of aluminum pistons performing unsatisfactorily. Thus, many alumi- 
num piston heads are anodized. 

[0004] There is a drawback to anodizing piston heads. Conventional anodizing with direct current or voltage, increas- 
es the surface roughness of the initial aluminum surface by applying an anodic coating. The increase in surface rough- 
ness can be as high as 400%, depending on the aluminum alloy and process conditions. The amount of VOC (Volatile 
Organic Compounds) in the exhaust of a combustion engine is correlated with the surface finish of the anodized alu- 
minum piston: higher surface roughness reduces the efficiency of the combustion, because a greater proportion of 
organic compounds can be trapped in micro cavities more easily. Therefore, a smooth surface is required, which may 
not always be provided by anodization. 

[0005] A typical prior art power supply for the conversion of metallic aluminum into a ceramic coating (aluminum 
oxide or alumna) provides direct current, normally between 3 and 4 A/dm2. Typically, a film thickness of 20 to 25 
microns is reached after 30 to 40 minutes. 

[0006] Convention anodizing includes subjecting the aluminum to an acid electrolyte, typically composed of sulfuric 
acid or electrolyte mixed with sulfuric and oxalic acid. The anodizing process is generally performed in electrolytes 
containing 12 to 15% v/v sulfuric acid at relatively low process temperature, such as from -5 to +5 degrees C. Higher 
concentrations and temperature usually decrease the formation rate significantly. Also, the formation voltage decreases 
with higher temperature, which adversely affects the compactness and the technical properties of the oxide film. 
[0007] Performing anodizing process at (relatively) low temperature and fairly high current density increases the 
compactness and technical quality of the coating performance (high hardness and wear resistance). The anodization 
produces a significant amount of heat. Some heat is the result of the exothermic nature of the-anodizing of aluminum. 
However, the majority of the heat is generated by the resistance of the aluminum towards anodizing. Typically, the 
reaction polarization is high, such as from 15-30 volts, depending upon the composition of the alloying elements and 
the process conditions. Given typical current densities, from 80% to 95% of the total heat production will be resistive 
heat. 

[0008] The electrolyte is acidic, and thus chemically dissolves the aluminum oxide. Thus, the net formation of the 
coating (aluminum oxide) depends on the balance between electrolytic conversion of aluminum into aluminum oxide 
and chemical dissolution of the formed aluminum oxide. 

[0009] The rate of chemical dissolution increases with heat. Thus, the total production of heat is a significant factor 
influencing this balance and helps determines the final quality of the anodic coating. Heat should be dispersed form 
areas of production toward the bulk solution at a rate that prevents excess heating of the electrolytic near the aluminum 
part. If the balance between formation and dissolution is not properly struck, and dissolution is favored, the oxide layer 
may develop holes, exposing the alloy to the electrolyte. This often happens in prior art anodization methods and is 
known as a "burning phenomena*. 

[0010] Heat produced at the aluminum surface is dispersed by air agitation or mechanically stirring of the electrolyte 
in which the oxidation of aluminum is taking place, in the prior art, to help reach the desired balance. 
[0011] Another way of dispersing the heat is by spraying the electrolyte toward the aluminum surface (US patent 
5,534, 1 26 and US patent 5,032,244). The electrolyte is sprayed toward the aluminum surface at an angle of 90 degrees, 
moving heat toward the areas of production, and then symmetrically dispersed away from the aluminum surface. 
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[0012] Another way to disperse heat is to pump the electrolyte over the aluminum substrate (US patent 5,173 161) 
The I ctrotyte is mov d parallel to the aluminum surface, moving heat from the lower part of the aluminum substrate 
ov rtheentir surfac before it is finally dispersed away from the aluminum surface, 

[001 3] A steady state transport mechanism in electrochemical anarysis (not anodization) techniques based on wall 
jet processes can be achiev d by either rotating the working electrode, or by directing the flow toward a stationary 
lectrode, at an angle of between 60 and 70 degrees. By angling the jet stream of the reaction medium to 60-70 degrees 
where steady state conditions are obligatory, electrochemical analysis can be made. Steady state conditions in a jet 
stream orthogonal to the working electrode is less suitable for wall jet electrochemical analysis. The inventor is not 
aware of this information having been applied to an electrolytic process. 

™ [001 4] The driving force of the charge-transfer reaction taking place at the substrate surface in the process described 
in U.S. Patents 5.032,244, 5,534, 1 26 and 5, 1 73, 1 61 , was direct current. The reaction medium was a solution of sulfuric 
acid or a combinat.on of sulfuric and oxalic acid in US Patent 5,032,244. The electrolyte formulation was 180g/l sulfuric 
acid and the process temperature was +5 degrees C. A current density of 50 A/dm2 produced a coating with a thickness 
of 65 microns in 3 minutes. The microhardness of the obtained coating was between 200 and 300 HV 

is [0015] A second process included the addition of IOg/1 oxalic acid at the same current density. A coating having a 
thickness of more than 60 microns and having a microhardness greater than 400 HV was obtained in 5 minutes 
[001 6] After anodizing, the aluminum parts are typically rinsed and dried. Both anodizing, rinsing and drying is made 
in the same process chamber in all three US patents mentioned above. Some chambers have at least two aluminum 

on ^ (See U S PatGnt N ° S 5 ' 534 ' 126 or 5.173,161 ). Others have a single part in each chamber (see U.S. Patent No 
2Q 5,032,244). 

[001 7] Conventional batch anodizing has used square wave alternation of current or potential. This allows anodizing 
to be performed at higher current densities compared to anodizing with direct current. The pulse anodizing is charac- 
terized by a periodically alternation between a period with high current or voltage, during with the film is formed and 
a period with low current or voltage, during which heat is dispersed (U.S. Patent 3,857,766). This technique utilizes 
the -recovery effect', after a period of high formation rate (a pulse period), heat is allowed to disperse during the 
following period wrth low formation rate (a pause period) and defects in the coating are repaired before the current 
increases during the next pulse. The relative durations of the higher magnitude and lower magnitude currents determine 
the relative amount of oxide formation and heat dispersion. One such type of simple pulse pattern may be found in U. 
S. Patent 3,857,766 or Anodic Oxidation of AL Utilizing Current Recovery Effect, Yokohama, etal. Platinq and Surface 
Finishing, 1982, 69 No. 7, 62-65. 

[0018] U.S. Patent 3,983,014, entitled Anodizing Means And Techniques, issued September 28, 1976 to Newman 
et a!., discloses another type of pulse pattern. The pulse pattern described in Newman has a high positive current 
portion, followed by a zero current portion, followed by a low negative current portion, followed again by a zero current 
portion. Each of the pulse portions represent one quarter of the cycle. Thus, the current has a high positive value during 
the first quarter of the cycle. No current is provided during the next quarter of the cycle. The current has a low negative 
value during the third quarter cycle. Zero current is provided during the final quarter of the cycle. 
[0019] Another prior art pulse pattern is described in U.S. Patent 4,51 7,059, issued May 1 4, 1 985, to Loch et al. Loch 
discloses a pulse pattern that is a square wave alternating between a relatively high positive current and a relatively 
low negative current. The durations of the positive and negative portions of the pulses are controlled used in an attempt 
to control the anodizing process. 

[0020] U.S. Patent 4.414,077, issued November 8, 1 983, to Yoshida et al. describes a train of pulses superimposed 
on a dc current. The pulses are of a plurality opposite to that of the dc current. 

[0021] Other prior art methods use a sinusoidal voltage wave, or portions thereof, applied to the voltage buses used 
for generating the anodizing currents (i.e. potentiostatic pulses). However, such prior art systems do not utilize current 
pulses for controlling the anodizing process. Examples of such prior art systems may be found in U.S. Patent 4, 1 52, 221 , 
entitled Anodizing Method, issued May 1 , 1 979, to Schaedel; U.S. Patent 4,046,649, entitled Forward-Reverse Pulse 
Cycling Pulse Anodizing And Electroplating Process issued September 6. 1977, to Elco et al; and U.S. Patent 
3,975,254, entitled Forward-Reverse Pulse Cycling Anodizing And Electroplating Process Power Supply issued Auqust 
17, 1976, to Elco etal. 

[0022] Each of the aforementioned prior art methods, while utilizing a pulse of some sort, does not provide adequate 
hardness and thickness while maintaining a low reject rate. Moreover, such prior art systems are relatively slow and 
take a relatively long period of time to complete the anodizing process. 

[0023] The time of each period is typically ranges from 1 to 100 seconds in the prior art, depending on the aluminum 
substrate. The prior art does not describe a correlation between a pulse pattern (pulse current, pulse duration, pause 
current and pause duration) and the result of the anodizing process. (See Yokogama, above). Thus, the optimal pulse 
conditions have been determined by trial and error The coating quality of pulse anodized aluminum is genera lly superior 
to anodic coatings produce with direct current according to the prior art (Surface Treatm nt With Pulse Current, Dr. 
Jean Rasmuss n, December 1994.) 
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an* externa, environments. The process wi„ preferably remove hea, from near theTCnent ^^T ^ 
SUMMARY OF THE PRESENT INVENTION 

(0025) Acceding ro one aspeel of Ihe invencton a melhod of anodizing an aluminum component t-eoin. h» ni«,.i„„ 
analuminum component in an eleel,o^^ 

fnn "J"'" 81 ' ^ " M " e "' inCMn9 ■ "» nk " ' »'*' ™»**. ? S«on having a^co^ nZZ. 

rxr.rorrre^T ^ 

porton followed by the third magnitude portion, followed by the second magnitude portion Anotherla Z on 552£ 
a pulse pattern having four or more different magnitudes. variation .ncludes 

[0030] An additional step of applying at least one additional pulse, having a different pulse pattern is include in m 

SSTXSESr - 'h" 5 ^ b6,Ween ma9ni,UdeS " ^ " -^iment P and sfow" anther " " 
aTeaction^h 9 J T? °' ^ inVenti ° n a " apparatUS ,or anodizin 9 an al "™™m component includes 

™,»^, w , ■ T h3S 3t ' eaSt 3 P0f1i0n °' the com P°^nt placed therein. The reaction chamo^r can hoS a 
th^J^t K r !° l ? A tranSP ° rt Chamb6r iS in " Uid communication with the reaction chamber The fMd en^rs 
Sows ?S *T ,r ° m K ,ranSPOrt Ch3mber !hrOU9h 3 P lura,it V °< inlets direc ^ toward the componL T^eTuS 
0032? Af u[d"r P ' ** I" 6 ,IUid re,UmS ' r0m ,he reaCti0n the transport chambeT 

rrre^ 

Eativls^h^ T 3 SUb h S,antia,ly CirCU,ar cross sec,ic ^ as *>- *• transport chamber in various 

raS2f . ,ran =P° rt Camber may be substantially concentric with the reaction chamber 

SIS, one embod.ment the fluid is directed toward the component at an angle of between 15 and 90 dearees In 

EST T^eaT th6 H ^L" " direC,Cd ,OWard thG C ° mp0nent * an a "9' e «* between » ™ 70 degrees ' 

3mber IS substan,ial,v vertical, and has at least one side wall and at least one bottom wall in 

0^36 n 31 ' eaSt ° ne ° U,,et b6neath the inle,s - The outle, ^ in the bottom wall 

Z a Lp w* a r^ZtiZZ n Wi,h h ,he tran? P ° rt Ch3mber " an ° ,her embodi —' A.so, the reaction chamber 
Zn^nZ T removable P° rtl °". « an alternate. The top is adapted for mounting the component therein and a 

sr»ii3sn d, t r : he reac,ion chamber and a ponion ^ »• sslt;: 

inn*™ t 9 3St 3 portlon of ,he com Ponent in one alternative 

fooS T*l '".j!!? ^ 3 m ° Un1ed P0Siti ° n mechanica "V or pneumatically in various alternatives. 

EZ^^S^*" " ^ ™ """» b — - — . - d 

=oSo^r^ 

BRIEF DES CRIPTION OF THE DRAWINGS 
[0040] 

Figure 1 is a block diagram of a general method implementing the present invention; 
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Figure 2 is a schematic sectional view of process container implementing the present invention; 

Figure 3 is a detailed schematic sectional view a working electrode mounted in a mounting fixture, in accordance 

withth pr ferred mbodiment; 

Figure 4 is a detailed schematic sectional view a working electrode mounted in a mounting fixture, in accordance 
with the preferred embodiment; 

Figure 5 is a graph showing an current pulse pattern in accordance with the present invention; 
Figure 6 is a graph showing formation rate vs. current density for two temperatures; 

Figure 7 is a graph showing surface roughness vs. average current density for two and three level pulse patterns; 

Figure 8 is a graph showing formation rate vs. average current density for two prior art processes; 

Figure 9 is a graph showing surface roughness vs. average current density for two prior art processes; and 

Figure 10 is a top sectional view of an outer wall of a reaction chamber, with inlets in accordance with the preferred 

embodiment. 
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[0041] Before explaining at least one embodiment of the invention in detail it is to be understood that the invention 
is not limited in its application to the details of construction and the arrangement of the components set forth in the 
following description or illustrated in the drawings. The invention is capable of other embodiments or of being practiced 
or carried out in various ways. Also, it is to be understood that the phraseology and terminology employed herein is 
for the purpose of description and should not be regarded as limiting. Like reference numerals are used to indicate like 
components. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0042] While the present invention will be illustrated with reference to a particular process for anodizing and a par- 
ticular fixture for holding an aluminum part and directing the electrolyte thereto, it should be understood at the outset 
that other process parameters, such as alternative material or solutions, or other apparatus may be employed to im- 
plement the invention. 

[0043] The process and apparatus described herein is generally shown by a block diagram of Figure 1. Anodizing 
occurs in a process container 1 00 (described in more detail later). A working electrode 1 02 (i.e. the part to be anodized) 
is placed in a reaction container 1 04, which is part of container 100. After anodizing part 1 02 is moved to a rinsing tank 
110, where the working electrode is rinsed with D.I. water, pumped from a rinse reservoir 112 by a pressure pump 114 
intoa rinse chamber 116, through a set of spray nozzles 118. The rinse water leaves the rinse chamber 116 through 
a rinse outlet 119 and returns to the rinse reservoir 112. Working electrode or part 102 is mechanically held in position 
during the rinse. After rinsing, working electrode 102 is transferred to a drying container 120, where it is dried with hot 
air from a heater 122, which is pumped into the drying container 120 through several drying inlets 124. 
3S [0044] Alternatives include performing multiple steps (such as anodizing and rinsing) in a single container or providing 
a station (following drying container 120, e.g.) that scan the component as a quality control measure. The scanning 
may be automatically performed using known techniques such as neural network analysis. 

[0045] Referring now to Figure 2, a schematic of a section of process container 100 and related components, is 
shown to comprise an outer circular transport chamber 201 and inner reaction container 104. The reaction medium 
(electrolytic solution) is transported from a medium reservoir 202, located below process container 100, by a pressure 
pump 203 into transportation chamber 201 through several inlet channels 205. Alternatives include other shaped cham- 
bers, as well as the inlets and outlets being in different locations. 

[0046] Transportation channel 201 and reaction container 104 are separated by an inner wall consisting of a lower 
portion 206, made of an inert material, and an upper electrocheniically active portion 207, which is the counter electrode. 
Aft matively, the entire wall may be the electrode. The reaction medium enters reaction container 104 through a set 
of r action inlets 210 through counter electrode 207. The reaction medium enters reaction container 104 angled relative 
to the surface of the part, aluminum substrate, or working electrode 102. The angle to the part is within the range of 
15 to 90 degrees, preferably 60 to 70 degrees. 

[0047] The reaction medium leaves reaction container 104 through a reaction outlet 212 and returns to medium 
so r es rvoir 202. The inner wall (comprised of portions 206 and 207), and an outer wall 213 are fixed to a bottom wall 
214. Walls 206, 213 and 214 are comprised of an inert material, such as polypropylene. Reaction container 104 is 
closed by a moveable top lid made of an inert material such as polypropylene, which includes a cover lid 219 and a 
mounting fixture 220, and in which working electrode 102 is placed. Mounting fixture 220 is exchangeable and specially 
designed for the particular parts or working electrode 102 which is being anodized. 
55 [0048] The upper portion of working electrode 102 is exposed to air, enhancing the dispersion of heat accumulated 
in working electrode 102 during processing. Working electrode 102 connected to a typical rectifier (controlled as dis- 
cussed below) by an electrical contact 230, which is pressed against working electrode 102 after mounting. 
[0049] Selectiv formation of coatings on working electrode 102 is ensured by a top mask consisting of a inert top 
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jig 225 holding a rubber mask 226. which abuts the lower face of working electrode 102. The top mask is mounted to 
mounting fixture 220 by a number of adjustable fasteners 228. which are comprised of an inert material 
[0050] Working electrode 102 mount d in mounting fixture 220 is shown in mor d tail in Figure 3. Wbrking electrode 
102 is pressed against top mask, particularly rubber mask 226. and held in position by a rubber O-ring 301 Rubber 
O-nng 301 ,s compressed mechanically toward the top mask by a mounting ring 303. Working electrode 102 is removed 
by releasing the pressure on rubber O-ring 301 . by moving mounting O-ring 302 away from the top mask 
[0051] Figure 4 shows a pneumatic mounting design, in which O-ring 301 is pressed against working electrode 102 
by pumping compressed air into a pressure tank 401 through several air inlets 402. The pressure on working electrode 
102 is released by opening a pressure valve 403. so that working electrode 102 can be removed 
[0052J The reaction medium is sprayed toward the metallic substrate through holes in the counter electrode in a 
mannerthat reaction products (heat) are carriedaway from the metallic substrate (working electrode) Figure 10 shows 
a top sectional view of reaction chamber 104. A plurality of inlets 1001 are shown, and are angled between 60 and 70 
degrees. The mounting and masking device allows selective formation of coatings on the metallic substrate at hioh 
speed by applying a specially designed modulation of direct current or voltage characterized by periodically alternation 
trom at least one period of high reaction potential and periods of no. low or negative reaction potential 
[0053] The apparatus discussed thus far has several advantageous (although not necessary) features First process 
container provides for flow of the reaction medium from a bulk solution below the container through the reaction chamber 
and back into the reservoir. Second, the reaction medium moves toward the working electrode at an angle so that heat 
may be quickly dissipated away from the working electrode. Third, the mounting, while easy to use and economical 
allows for heat to be dissipated away from the top of the working electrode, which is exposed to air Fourth the reaction 
medium is sprayed toward the metallic substrate through holes in the counter electrode in a manner that reaction 
products, in addition to heat, are carried away from the metallic substrate (working electrode) 

[0054] in addition to the apparatus described above, the inventive method using a reaction medium comprised of a 
solution of sulfuric acid or mixtures of sulfuric acid and suitable organic acids like oxalic acid. The concentration of 
sulfuric acid ranges from 1%v/v to 50%v/v. but preferably from 10%v/v to 20%v/v. The concentration range of one or 
?^? r ^?'°, aCidS ' added ,0 the SUlfUriC 3Cid electrolvte ' is from t° 50% v/v. but preferable from 10%v/v to 

rZiZlTH' " 9 e ,'r Ct ? de J 1 u 2 iS 3n aluminum P* tor1 (a'^rium 1295 or 1275. e.g.) acting as anode (connected 
posit ively to the rectrf .er) and the counter electrode 201 is aluminum 6062 (or titanium) acting as the cathode (connected 
negatively to the rectifier). The component may be made of other materials. 

[0055] The electrolyte is stored and chilled to an appropriate process temperature ranging from -10 degrees C to 
+40 degrees C. preferable between +10 degrees C and +25 degrees C. in a reservoir below the reaction container 
The electrolyte is pumped up into the reaction chamber at a flow rate from 4 LPM (Liter Per Minute) to 100 LPM but 
preferable between 30 LPM and 50 LPM and returned to the reservoir. 

[0056] The flow of direction of electrolyte is toward the aluminum surface so heat is transported away from the areas 
of heat production. Steady state heat dispersion is established by spraying the reaction medium at an angle from 15 
to 90 degrees, but preferably between 60 and 70 degrees relative to the aluminum substrate surface 
[0057] The electrolyte is transported up to the reaction site in an outer circular inlet chamber and through the counter 
electrode toward the aluminum piston. The counter electrode contains from one to 50, but preferable from 8 to 12 
transport inlets to the reaction chamber and is made of e.g. aluminum AA 6062. or other materials (such as titanium 
e.g). The counter electrode is connected to the rectifier and acts as cathode (negative). 

[0058] The jet stream of electrolyte, angled toward the piston surface, establishes a steady state dispersion of heat 
away from the areas of production. Furthermore, dispersion of heat is enhanced gravitationally, when the electrolyte 
enters the lower part of the reaction chamber. The electrolyle leaves the reaction chamber at the outlet in the bottom 
of the reaction chamber and returns to the reservoir container below the reaction chamber. 

[0059] The piston is mounted in the mounting fixture and is pressed toward the top mask in order to ensure masking 
ot the piston crown. The piston is held in position by pressure from the rubber O-ring. The pressure on the O-ring is 
either mechanically as shown in Figure 3 or pneumatic as in Figure 4. The piston is then connected to the rectifier as 
anode (positive). 

[0060] After anodizing, the electrical contact to the piston is removed and pressure is removed from the O-ring re- 
laxes. The piston is then transferred to the rinsing container after which it is dried with hot air. 

[0061] The design of the pulse current pattern of the preferred embodiment is a periodically alternation between 
periods of very high current density (preferably more than 50 A/dm2). high current density (preferably more than 4 N 
dm2) and low current density (preferably less than 4 A/dm2). The duration of each individual current density ranges 
from 0.12 seconds to 40 seconds, but preferable from 1 second to 5 seconds. The final number of repeated pulse 
cycles is determined by the specified nominal thickness of the oxide layer. 

[0062] The duration of the period between a pulse, i.e., the transient time necessary for new stabilized conditions at 
me bottom of the pores for the new current conditions, is related to the difference between pulse and pause current 
density. Increased difference between the two current densities reduces the time necessary for 100% utilization of the 
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recovery fleet. Also, raising the temperature of the anodizing solution increas s the transient time for the recovery 
effect. The transient tim for the recovery ffects during batch anodizing for cast aluminum containing high amounts 
of silicon (7%w/w) is betwe n 10 and 25 seconds, depending in the process conditions. 

[0063] A formation rate in the range of 25 microns per minute, nearty twice as fast as conv ntional direct current 
batch anodizing, requires a large differ nee in the pulse current densities; especially if the process temperature is 
above the typically range of conventional anodizing (>+5 degrees C). Then inventor has learned that a pulse pattern 
having periodic alternation between three current densities in combination with increased process temperature (be- 
tween +10 degrees C and +15 degrees C) and concentration of sulfuric acid (17%v/V) results in a coating thickness 
of 25 microns in less that one minute. Table 2 below shows various experimental data. The temperature and the amount 
of sulfuric acid in the anodizing electrolyte are generally higher than the maximum values in prior art anodizing. 
[0064] A pulse modulated current pattern (one cycle) in accordance with the present invention is shown in Figure 5. 
Each cycle includes alternations between a medium current density 501 and a high current density 502, followed by 
a time of low (or zero) current density 503. This pattern is repeated several times until the final thickness of the anodic 
coating is reached. 

[0065] The average current of the pulse patterns determines the formation rate. A comparison of formation rate, 
surface roughness and microhardness of aluminum piston batch processed under direct current conditions and with 
pulse modulated current is shown in Table 1 . 
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Direct 


Current 


Pulse 


Temperature (C) 


0 


15 


15 


Sulfuric Acid (%v/v) 


13 


17 


17 


Current Density (A/dm 2 ) 


24 


25 


25 


Formation rate (pm/min) 


Fail 


Fail 


22.4 


Surface roughness (ujti) 


N/A 


N/A 


2.2 


Microhardness (HV 0 02S ) 


N/A 


N/A 


217 



[0066] The inventor has learned, as shown in Table 1, that batch anodization of aluminum pistons is possible with 
high current density (»3 A/dm2) if the recovery effect is utilized, as in the pulse current method of the present invention. 
The formation of heat during direct current anodizing disturbs the balance between formation and dissolution of the 
oxide film, resulting in a breakdown of the coating (the burning phenomena). The low microhardness for the pufse- 
anodized piston is a result of high heat production and insufficient removal of heat in a batch process. 
[0067] Figure 6 is a graph showing that formulation rate depends on the average current density for various pulse 
patterns (in accordance with the pattern of Figure 5), and that the formation rate is substantially independent of process 
temperatures between +7 degrees C and +1 3 degrees C. 

[0068] Surface roughness increases with process time and current density for conventional batch anodizing using 
direct current. The surface roughness, measured as R a , increases with average current density for pulse designs 
containing alteration between a pulse period and a pause (a two level pulse pattern). However, the surface roughness 
is independent of the average current density for pulse designs containing two pulses and'a pause period (a three 
level pulse patter such as that of Figure 5). This is shown in the graph of Figure 7, which plots surface roughness vs. 
current density for two and three level pulses. The surface roughness for three level pulse patterns changed from 1 .6 
microns prior to anodizing to 2.2 microns after anodizing, which is approximately a 38% increase. The pulse designs 
of the experiments are shown in table 2 below, and generally include a pulse pattern having two relatively high current 
portions (33A/dm 2 and (33A/dm 2 e.g.) and a third portion have a substantially lower current portion (less than one- 
half, and preferably about one-tenth, e.g.). The electrolyte contained 17% v/v sulfuric. 

TABLE 2 



1) 
2) 
3) 
4) 
5) 

6) 



10s at 20 A/dm 2 5s at 2 A/dm 2 , repeated 3 times at 15°C 
10s at 26 A/dm 2 , 5s at 2 A/dm 2 repeated 3 times at 15°C 
10s at 33A/dm 2 5s at 2A/dm 2 , repeated 3 times at 15°C 

5s at 33 A/dm 2 2s at 53 A/dm 2 3s at 33A/dm 2 5s at 2A/dm 2 repeated 3 times at 15°C 

2s at 33A/dm 2 , 2s at SSA/dm 2 , 1 s at 33A/dm 2 2s at 53A/dm 2 3s at 33A/dm 2 , 5s at 2 A/dm 2 repeated 3 times 

at 7°C 

2s at SSA/dm 2 2s at 53A/dm 2 1 s at 33A/dm 2 2s at 53A/dm 2 1 s at 33 A/dm 2 , 2s at 53A/dm 2 5s at 2A/dm 2 
repeated 3 times at 7°C 
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TABLE 2 (continued) 



2s at 33A/dm2, 2s at 59 A/dm?, 1 s at 33A/dm^, 2s at 59 A/dmZ i s a t 33 A/dm? 2s at 59A/dm* 5s at 2A/dm2 
repeated 3 times at 7°C 



[0069] Alternatives include fewer repetitions, varying the order of the different magnitudes, having one puise pattern 
different from the other pulse patterns, and providing zero current in the low current portion. 

[0070] The formation rate and surface roughness of direct current anodized pistons according to process principles 
in US Patents 5,534,126 and 5,032,244, where the electrolyte is sprayed orthogonal toward the piston head, is shown 
in Figures 8 and 9. The roughness and formation rate provided by these prior art processes is not as good as the 
roughness and formation rate provided by the present invention. The prior art formation rate increases with current 
density in sulfuric acid electrolytes. Also, there is a slightly increased formation rate by addition of oxalic acid The 
surface roughness increases with current density and by addition of oxalic acid. Anodizing at 20 A/dm2 in a sulfuric 
acid electrolyte containing IOg/1 oxalic acid produces in 90 seconds 24 ujti oxide coating in 90 seconds The surface 
roughness is 2.64ujti. Raising the current density to 30 A/dm2, the formation rate increases and 23 urn coating is 
produced in 1 minute, but the surface roughness increases to 3.0lMm. For comparison, the surface roughness of 
pistons after conventional direct current anodizing at 0 degrees C and at 3 A/dm2, is 2.66 microns. 
[0071] Numerous modifications may be made to the present invention which still fall within the intended scope hereof 
Thus, rt should be apparent that there has been provided in accordance with the present invention a method and 
apparatus for anodizing parts that provides a fixtures that disperses heat from the part, and provides 'an anodizing 
current in a pulsed pattern such that the anodization is faster and/or has desirable properties that fully satisfies the 
objectives and advantages set forth above. Although the invention has been described in conjunction with specific 
embodiments thereof it is evident that many alternatives, modifications and variations will be apparent to those skilled 
in the art. Accordingly, it is intended to embrace all such alternatives, modifications and variations that fall within the 
spirit and broad scope of the appended claims. 

Claims 

1 . A method of elect rolytically treating a component comprising the steps of: 
providing the component; 

placing the component in an electrolyte solution; and 

applying a plurality of pulses to the solution and component, wherein the pulses have a pattern comprised of 
at least a first magnitude portion, a second magnitude portion, and a third magnitude portion, wherein the third 
magnitude is less than the first and second magnitudes, and wherein all three magnitudes are of the same 
polarity. 

2: A method as claimed in claim 1 in which the third magnitude is substantially less than the first and second mag- 
nitudes. 

3. A method as claimed in claim 1 in which the third magnitude is substantially zero. 

4. A method as claimed in claim 1 or 2 in which the pulses are current pulses and the step of applying a plurality of 
pulses includes the steps of: 

providing a substantially constant current magnitude during the first magnitude portion; 
providing a substantially constant current magnitude during the second magnitude portion; and 
providing a substantially constant current magnitude during the second magnitude portion. 

5. A method as claimed in claim 1 in which the duration of the first magnitude portion of the pulse is different than 
the duration of at least one of the second and third portions. 

6. A method as claimed in claim 1 wherein the step of applying a plurality of pulses includes the step of applying a 
pulse pattern having four portions. 

7. A method as claimed in claim 1 including the step of apply at least one additional pulse having a different pulse 
pattern. 
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8. A method as claimed in claim 1 wherein the step of applying a plurality of pulses includes the step of gradually 
changing between the first, second and third magnitudes. 

9. An apparatus for electrolytically treating a component comprising: 

a reaction chamber (104), adapted for placing at least a portion of the component therein, and for holding a 
reaction fluid; 

a transport chamber (201) in fluid communication with the reaction chamber, wherein the fluid enters the re- 
action chamber from the transport chamber through a plurality of inlets directed toward the component; 
a fluid return path, wherein the fluid returns from the reaction chamber to the transport chamber. 

10. An apparatus as claimed in claim 9, further comprising a fluid reservoir (202), in fluid communication with the 
. transport chamber, wherein the return path includes the fluid reservoir 

11- An apparatus as claimed in claim 9 or 10 in which the reaction chamber has a substantially circular cross section. 

1 2. An apparatus as claimed in claim 1 1 in which the transport chamber has a substantially circular cross section, and 
is outside and substantially concentric with the reaction chamber. 

13. An apparatus as claimed in anyone of claims 9 to 12 in which the fluid is directed toward the component at an 
angle of between 1 5 and 90 degrees. 

14. An apparatus as claimed in anyone of claims 9 to 12 in which the fluid is directed toward the component at an 
angle of between 60 and 70 degrees. 

15. An apparatus as claimed in anyone of claims 9 to 14 in which the reaction chamber is disposed substantially 
vertically and includes at least one side wall (206, 207) and at least one bottom wall (214), wherein the inlets are 
disposed in the at least one side wall, such that the fluid enters the reaction chamber substantially horizontally, 
and wherein the reaction chamber has at least one outlet beneath the inlets. 

16. An apparatus as claimed in claim 15 in which at least a portion of the inlet is at least a part of a cathode, and the 
component is at least a part of the anode, whereby in the anodizing process current flows between the cathode 
and the anode. 



9 



EP 0 950 728 A2 




CM 




I I ^ v i i V- 



CM 
O 



k \ \ v \ \^ 




o; 



K 



10 



EP 0 950 728 A2 



FIG. 2 








^230 






r 


WE 









102 



2io-s; 

207- 



201- 



\ 
\ 
\ 
\ 
\ 
\ 



205 





203 



11 



EP 0 950 728 A2 




EP 0 950 728 A2 



FIG. 5 

A /dm 2 



FIG. 6 



r 502v 



In 



503 



TIME 



% 35.0 



CO 

z 
o 



30.0 
25.0 



g 20.0 
15.0 



a: 



10.0 



o 
t— 
<*: 



o 



0.0 




-f— 



4-- 



£ 5.0 



I -7°C •13°C 

I — ; — i 1 r- 

—l i i 



10 20 30 40 
CURRENT DENSITY (A /dm2) 



50 



FIG. 7 



GO 

§2.5 
o 
S2.0 

1.5 



GO 
CO 
LU 



— J — i i ' ! 



gi.o 



S0.5 



CO 



0.0 



I 

I 

I 



I 

I 



-r— 3 r 



-k^a — i — i — u-T-. 

^ i i i i r 



!__J 



•1 — 1 — 



■+-■ 
I 



r- 
i 

-i-- 

i 

i 



i — i — i 
i i i i j 

- T — 4-h 1 1 f- 

I -=2 LEVEL PULSES I 

I f-- 

I «=3 LEVEL PULSES I 
J 1 1 I i l 



0 5 10 15 20 25 30 35 40 45 
CURRENT DENSITY (A /dm2) 



13 



EP 0 950 728 A2 



UJ 

1— ■ 


15.0 


<j: . 


12.5 




10.0 




7.5 


II 


5.0 


e 


2.5 




0 




5 12.5 . 

CURRENT DENSITY 
(A /dm2) 



UJ 


15.0 


)N RA 
MIN) 


12.5 
10.0 


WATK 
(MY/ 


7.5 
5.0 




2.5 
0 



~*T~ 

5 



10 



OXALIC ACID (g/L) 



FIG. 8 

PRIOR ART 




12.5 

CURRENT DENSITY 
(A /dm2) 



20 




~ 2.40 



5 10 
OXALIC ACID (g/L) 



FIG. 9 

PRIOR ART 



14 



EP 0 950 728 A2 



FIG. 10 




15 



